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Description 

Field of the invention 

5 [0001] The present invention relates to a process for the preparation of nateglinide, useful as antidiabetic agent, in 
high yields, and preferably for the preparation of nateglinide in B form substantially free from nateglinide in H form. 

State of the art 

10 [0002] Nateglinide, i.e. the N-{trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine, is known for having a hypogly- 
cemic action, and used therefore for preparing pharmaceutical compositions for treating diabetes. 
[0003] It is known that, when nateglinide is prepared on industrial scale, there may occur the risk that the crystalline 
product obtained contains more coexisting polymorph crystals, the B-form crystals and the H-form crystals. 
[0004] Given that the pharmaceutical use requires to have available nateglinide in a single crystalline form, not con- 

15 taminated by other forms of polymorph crystals; many efforts have been made to have available a scalable process, 
which is suitable for preparing a single crystalline form of nateglinide. 

[0005] The European Patent No. 196 222 discloses for the first time certain D-phenylalanine derivatives having hy- 
poglycemic action, including nateglinide. A process for the preparation of nateglinide is therein described, comprising a 
condensation with dicyclohexylcarbodiimide to obtain trans-4-isopropylcyclohexane carboxylic acid N-hydroxysuccin- 

20 imide ester, which is then reacted with D-phenylalanine methyl ester hydrochloride to obtain the nateglinide methyl ester. 
Starting from the methyl ester, nateglinide sodium salt is formed in aqueous sodium hydroxide and methanol, nateglinide 
is then precipitated by acidification with hydrochloric acid and a recrystallisation from methanol-water is carried out to 
yield the nateglinide. Besides having a low yield, this process is unsuitable to be scaled up, particularly because of the 
use of the expensive condensing agent. Moreover, as far as the problem of polymorphism of crystalline nateglinide is 

25 concerned, in EP No. 196 222 no reference is made to the crystalline form of the so obtained nateglinide, but, according 
to what has been stated later in EP No. 526 171, the use of the mixture methanol/water gives a nateglinide in the B- 
form. However, it was discovered still later (see EP No. 1 334 964) that often, in particular during industrial scaling-up, 
the B-form so obtained was contaminated by the H-form. Moreover, in the synthesis according to EP No. 196 222, the 
last recrystallization step harbours the risk of re-esterification of the product already obtained, such that the nateglinide 

30 resulting from the overall process is often contaminated by a non negligible amount of the nateglinide methyl ester. 

[0006] The European Patent Application No. 1 334 962 refers instead to a process for producing nateglinide by Schotten 
Baumann reaction, comprising reacting isopropylcyclohexylcarbonyl chloride with phenylalanine and potassium hydrox- 
ide in water and an organic solvent miscible with water to give a potassium salt of nateglinide. According to EP-A No. 
1 334 962 nateglinide free from the impurity that usually forms in this reaction, i.e. from the dimeric product isopropyl- 

35 cyclohexylphenylalanine-phenylalanine (IPP), is obtained, provided that very careful control of the reaction conditions 
is carried out, but the authors of EP-A No. 1 334 962 are silent about yield and the more general purity degree of the 
end-product. The thus obtained nateglinide is in fact contaminated with almost 10% by weight of isopropylcyclohexyl- 
carboxylic acid, and this impurity, besides being laborious to eliminate, represents also a precursor of nateglinide having 
a specific isomeric structure, i.e. a valuable compound not to be wasted. Moreover, in EP-A No. 1 334 962, no reference 

40 is made to the crystalline form of nateglinide actually obtained. 

[0007] The European Patent Application No. 1 334 964 discloses a process for producing B-form nateglinide crystals 
free from crystals of the H-form, comprising drying solvated wet crystals of nateglinide at a temperature lower than 50°C 
until an amount of solvent lower than 5% remains, then heating the solvated wet crystals at 60 to 110°C to make the 
conversion from H-form into B-form. The yield of this process is nevertheless very low: in the single example reported 

45 in EP 1 334 964 the yield is 54.3%. 

[0008] The Japanese Patent No. 2969397 discloses a process for preparing N-long chain acyl beta alanine compounds 
comprising reacting the beta-alanine with the fatty acid halide and potassium hydroxide to obtain the potassium salt of 
a N-long chain acyl beta-alanine, which is then treated with a strong acid at a temperature comprised between 60 and 
90°C, to obtain the N-long-chain beta-alanine. According to the Japanese Patent No. 2969397 the high temperature 

50 during the treatment with the strong acid, is essential to control the size of the crystals so that they form of uniform size 
and their filtration may be improved. No reference is made to the form of the so obtained crystals. 
[0009] In view of the above, the need of a process for preparing nateglinide in high yields and with high purity, preferably 
in B-form free from nateglinide in H form, which does not possess the above said drawbacks of the prior art processes, 
is still deeply felt. In particular, there is the need for a process which leads directly and in good yields to a nateglinide of 

55 pharmaceutical grade, requiring no further chemical purification. 
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Summary of the invention 

[0010] The Applicant has now found a process, which is scalable and allows providing with high yields nateglinide 
free from the by-products formed by the prior art process, and preferably in B-form, not contaminated by nateglinide in 

5 H-form. 

[0011] Importantly, the nateglinide preparations directly resulting from the process invented by the Applicant are of 
pharmaceutical grade and do therefore not require any re-crystallization step. The former is an important aspect, since, 
as outlined above, the known recrystallizations of nateglinide with water/methanol mixtures may bring about a measurable 
contamination with the corresponding methyl ester. Applicant has indeed found that the tendency of the nateglinide to 

10 esterify (a sample of nateglinide at reflux for 8 hours in a 1:1 mixture of water and methanol undergoes an estehfication 
of 9%) is non-negligible even at markedly lower temperatures. Moreover, the treatment of nateglinide with various 
solvents and with various water/solvent mixtures adapted for re-crystallization often leads to a gel-formation rendering 
extremely difficult and laborious the handling of the nateglinide preparation during the re-crystallization step, especially 
on industrial scale where such pronounced tendency to gel-formation may even hamper the quantitative recovery of the 

15 product from the reactor. This is because addition of a suitable solvent to a nateglinide preparation often causes its 
swelling/gelling such that increased volumes of solvent are required to get a nateglinide solution of reasonable viscosity. 
In turn, the higher the dilution of the nateglinide solutions thus obtained, the more difficult or laborious becomes the task 
of re-recrystallizing the product achieving acceptable yields. It is therefore highly desirable to provide a synthesis leading 
directly to a nateglinide of pharmaceutical grade, without any need of a final re-crystallization of the end product. 

20 [0012] Another problem arising with the re-crystallization of nateglinide from organic solvents or from mixtures of 
organic solvents with water is the stringent control of conditions which is imperative to obtain the quantitative formation 
of the desired crystal form. It appears indeed that the solvated wet crystals of nateglinide obtained according to EP 1 
334 964, i.e. by dissolving nateglinide within an organic solvent or with aqueous dilutions of organic solvents require at 
least two measures to arrive at the desired result, namely cooling down to 10° C to obtain the proper solvated wet 

25 crystals, which are then in turn subjected to a defined drying profile. According to what is stated in EP 1 334 964, this 
applies to both, the solvates with ethanol obtained from 60% aqueous ethanol containing 5 wt% nateglinide, as well as 
to the so-called hydrates which are obtained instead through the addition of water to an ethanolic solution of nateglinide. 
[0013] Hence, there was a stringent need in the art for providing a process overcoming the problems arising with the 
known methods of re-crystallisation. 

30 [0014] Subject of the present invention is therefore a process for the preparation of nateglinide , comprising the 
following steps: 

i) reaction in a first organic solvent between D-phenylalanine methyl ester or a salt thereof, trans 4-isopropylcy- 
clohexancarboxylic acid and an acyl chloride or carbonyldiimidazol, to obtain the nateglinide methylester; 

35 ia) optionally isolating the nateglinide methylester thus obtained and re-dissolving the nateglinide methylester in a 

second organic solvent, to give a solution, 

ii) addition of water and alkali hydroxide to the reaction mixture coming from step i) without isolating the nateglinide 
methyl ester, or, if applicable, to the solution of step ia) and separation of the aqueous phase containing the alkali 
salt of nateglinide; 

40 lii) addition of hydrochloric acid to the aqueous phase coming from step ii), to obtain nateglinide, 

wherein the organic solvent actually employed in step ii) is a solvent non-miscible with water. 

[0015] With the process of the present invention, it is possible to obtain nategelinide in B-form, substantially free of 
H-form, provided that the precipitation according to step iii) is carried out at room temperature, more preferably at a 
45 temperature between 5° C and 20° C. 

[001 6] Further subject of the invention is a process for the preparation of nateglinide in B-form substantially free from 
H-form, starting from nateglinide not being in the pure B-form, e.g. being in B-form contaminated with nateglinide in H- 
form in various proportions. 

[0017] Features and advantages of the present invention will be illustrated in detail in the following description. 

50 

Description of the Figures 

[0018] The invention as described within the frame of the present Application maybe better understood with reference 

to the enclosed Figures, in which: 

55 

Figure 1 is a HPLC chromatogram of nateglinide methyl ester, 

Figure 2 is a HPLC chromatogram of phenyl alanine methyl ester hydrochloride, 

Figure 3 is a HPLC chromatogram of phenylalanine, nateglinide, phenyl alanine methyl ester and nateglinide meth- 



3 



EP 1 535 900 B1 



ylester, 

Figures 4, 5 and 6, respectively are HPLC chromatograms of nateglinide preparations obtained through the process 
of the present invention, 

Figures 7 , 8, 9 and 10, respectively are DSC curves showing different crops of nateglinide B-form precipitated at 
5 different temperatures and at different dilutions from the mother liquor, 

Figure 11 is a X-ray powder diffractogram recorded with the a pure preparation of nateglinide B-form obtained 
according to the present invention, whereas 

Figures 12 and 13 are comparative X-ray powder d iff ractog rams of a sample of nateglinide H-form and of a mixture 
of B-form and H-form, respectively. 

10 

Detailed description of the invention 

[0019] As will be shown herein later, the preparations of nateglinide obtained according to the present invention, and 
in particular according to claim 1 , are characterized by a high chemical yield and a high chemical purity. Preferably, also 

15 high polymorphic purity can be achieved. 

[0020] According to the present invention, the temperature during the addition of water and alkali hydroxide and the 
separation of the aqueous phase containing the alkali salt of nateglinide in step ii), preferably ranges from 45 to 55°C. 
[0021] On the other hand, during the precipitation in subsequent step iii), polymorphic mixtures of the H-form and the 
B-form are obtained, if step iii) is carried out at a temperature higher than room temperature. The polymorphic mixture 

20 thus obtained (which benefits already from the high chemical yield and high chemical purity) can be transformed later 
into the pure B-form with the method herein described or, if desired, into any other polymorphic form of nateglinide 
described in the art through the adoption of adequate measures likewise described in the art. However, if preferred, a 
preparation of pure B-form, substantially free from the H-form of nateglinide may also be provided directly by the process 
of the present invention, namely if the temperature during precipitation of the nateglinide with hydrochloric acid in step 

25 iii) is maintained at room temperature or lower, e.g. in the range from 5°C to 20°C, preferably from 10°C to 20°C and 
more preferably from 15°C to 20°C. 

[0022] The first organic solvent employed in step i) can be a water-miscible organic solvent or an organic solvent non- 
miscible with water. In any case, the first organic solvent must be compatible with the chemical reaction of step i), i.e. it 
must be inert. According to the present invention, a water-miscible organic solvent is a solvent of which 100 ml, at a 

30 temperature of 20° C may dissolve at least 0.5g, preferably at least 0.1 g and more preferably at least 0.05 g of water 
or vice versa (i.e. 100 ml of water may dissolve at least 0,5g, more preferably at least 0.1 g and more preferably at least 
0.05g of solvent). Hence, according to the present invention, a water-miscible organic solvent is one which is totally or 
partially miscible with water to the extent defined above, whereas a water-immiscible organic solvent is one whose partial 
miscibility at 20°C is less than 0.5g, preferably less than 0.1g and more preferably less 0.05g water in 100 ml solvent 

35 and less than 0.5g, preferably less than 0.1 g and more preferably less than 0.05g solvent in 100ml water. Examples of 
water-miscible solvents of the invention are chosen from the group consisting of acetone, DMF, dimethylacetamide, N- 
methylpyrrolidone, glyme, diglyme, THF and dioxane. Examples of organic solvents of the invention non-miscible with 
water are aromatic or aliphatic solvents, which may be halogenated or not, e.g. chosen from the group consisting of 
toluene, xylenes (i.e. the orto-, meta-, para-isomers), benzene, clorobenzene, methylene chloride, hexane, heptane, 

40 and cyclohexane. 

[0023] If, according to a first embodiment of the invention, the first organic solvent according to step i) is an organic 
solvent non-miscible w'\Vr\ water, then optional downstream step ia) will be omitted , and the reaction mixture of step i) 
will be directly subjected to step ii) where an aqueous phase containing an alkali salt of nateglinide will form, without 
any previous isolation of the nateglinide methyl ester obtained in step i). In particular, according to the first embodiment, 

45 the first organic solvent to be used in step 1) can be selected from the group consisting of aromatic and aliphatic solvents, 
which may be halogen-substituted or not, but are always non-miscible with water. E.g., preferred first organic solvents 
which are non-miscible with water are chosen from the group consisting of toluene, xylenes, benzene, clorobenzene, 
methylene chloride, hexane, heptane and cyclohexane. The most preferred first organic solvent non-miscible with water 
is toluene. The amount of first organic solvent non-miscible with water in step i) is preferably comprised between 3 and 

50 20 volumes, as compared to the weight of the frans 4-isopropylcyclohexancarboxylic acid (i.e. ml of solvent perg of acid). 
[0024] On the other hand, according to a second embodiment of the invention, the first organic solvent to be used in 
step i) can be selected from the group of water-miscible organic solvents, in particular from the group consisting of 
acetone , DMF, dimethylacetamide, N-methylpyrrolidone, glyme, diglyme, THF and dioxane. 

[0025] The preferred water-miscible organicsolventto be employed in step i) as afirstsolventof the second embodiment 
55 of the invention is acetone. The amount of first organic solvent miscible with water employed in step i) is preferably 
comprised between 5 and 15 volumes, as compared to the weight of the frans 4-isopropylcyclohexancarboxylic acid 
(i.e. ml of solvent per g of acid). Preferably, in connection with the second embodiment of the present invention, 10 ml 
of water-miscible solvent perg frans 4-isopropylcyclohexancarboxylic acid are employed in step i). Always according 
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to the second embodiment of the invention, after using a first water-miscible organic solvent in step i), step la) is carried 
out adding water to the reaction mixture of step i), thus precipitating the nateglinide methyl ester formed in step i). The 
precipitate is washed with water and dried, where after it is dissolved in a second organic solvent which is non-miscible 
with water. Suitable second organic solvents non-miscible with water to be employed in step ia) are the same as those 

5 employed in step i) according to the first embodiment of the process of the present invention, i.e. they can be selected 
from the group consisting of aromatic and aliphatic solvents, which may be halogen-substituted or not, but are always 
non-miscible with water. E.g., preferred second organic solvents to be employed in step ia) are chosen from the group 
consisting of toluene, xylenes, benzene, clorobenzene, methylene chloride, hexane, heptane and cyclohexane. The 
most preferred second organic solvent non-miscible with water is toluene. The amount of second organic solvent non- 

10 miscible with water in step ia) is preferably between 2 and 10 volumes, as compared to the weight of the nateglinide 
methyl ester (i.e. ml of solvent perg methyl ester). Preferably, in connection with the second embodiment of the present 
invention, 5 ml solvent organic of solvent non-miscible with water perg nateglinide methyl ester are employed in step ia). 
[0026] As an acyl chloride in step i) of the present process, preferred is an acyl chloride selected, e.g. from the group 
consisting of pivaloyi chloride and alkyi- or arylchloroformiates. Particularly preferred are pivaloyi chloride and ethyl 

15 chloroformate. More particularly preferred is pivaloyi chloride. 

[0027] In step i), also carbonyl diimidazole may be employed, though it is less preferred. 

[0028] When a D-phenylalanine methyl ester salt is used in step i) of the present process, it is preferably the D- 
phenylalanine methyl ester hydrochloride. 

[0029] According to a particular embodiment of the present invention, the addition of water and alkali hydroxide in 
20 step ii) is carried out in the presence of a phase transfer catalyst, preferably in the presence of tri-caprylmethylammonium 

chloride. 

[0030] The alkali hydroxides in step ii) are selected from lithium hydroxide, potassium hydroxide and sodium hydroxide. 
Potassium hydroxide is preferred. 

[0031] Optionally, in connection with the first embodiment of the invention, the reaction mixture obtained in step i) may 
25 be washed with deionized water, or with a 5% solution of alkali carbonate, before step ii) is carried out. 

[0032] The hydrochloric acid in step iii) is typically added to the aqueous phase coming from step ii) until a pH comprised 
between 2.0 and 3.0 is reached. 

[0033] The present invention also allows providing a process for the preparation of nateglinide in B-form substantially 

free from H-form, starting from nateglinide not being in the pure B-form e.g. being in B-form contaminated with nateglinide 

30 in H-form in different amounts (or starting from any other known polymorph of natgelinide or from mixtures thereof), the 
said process comprising dissolving nateglinide in water with alkali hydroxide to obtain an aqueous solution of alkali salt 
of nateglinide, and adding thereto hydrochloric acid at room temperature, preferably in the temperature range from 5°C 
to 20°C, more preferably from 10°C to 20°C and still more preferably from 15°C to 20°C, such that nateglinide in the 
pure B-form precipitates therefrom. According to the present process, the hydrochloric acid is added to the aqueous 

35 solution of nateglinide alkali salt until a pH comprised between 2.0 and 3.0 is obtained. 

[0034] The present process fulfils the requirements of industrial scalability, and shows the following remarkable ad- 
vantages over the prior art processes: the yields are very high (higher than 90% in the preferred embodiments), the 
preferred reactants bringing about the condensation step between the two precursors are cheap, and the final product 
obtained is completely free from by-products, such as the above said dimeric form IPP or the nateglinide methyl ester. 

40 Preferably, namely if the precipitation in step iii) is carried out at room temperature, preferably in the temperature range 
from 5°C to 20°C, more preferably from 10°C to 20°C and still more preferably from 15°C to 20°C, the final nateglinde 
obtained is in the pure B-form, substantially free from nateglinide crystals of the H-form. Accordingly, unlike in the prior 
art where a yield-reducing final work-up was imperative, no re crystallization of the product obtained by the method of 
the present invention is necessary to impart the same pharmaceutically acceptable grade. Indeed, the product provided 

45 by the present invention is characterized by a high purity, under both, the chemical and possibly the polymorphic aspect. 
The chemical purity of the product has been established through HPLC methods. On the other hand, the grade of 
polymorphic purity of the product obtained by the present process has been evaluated by DSC analysis, obtaining curves 
showing an only peak specific for the B-form of nateglinide. These results have been confirmed IR-spectrometrically 
and through X-ray powder diffraction analysis. 

50 [0035] The following examples are reported to give a non-limiting illustration of the present invention. 

EXAMPLE 1 

Preparation of D-phenylalanine methyl ester hydrochloride. 

55 

[0036] 66.0 g (0.40 mol) of D-phenylalanine were suspended at room temperature in 400 ml of methanol in an anhydrous 
flask. The thus obtained white suspension was cooled to a temperature of 0±5°C, and then 56.0 ml of tionyl chloride 
were added drop wise in about 2 hours, maintaining the temperature in the range 0±5°C. 
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[0037] The temperature of the suspension thus obtained was brought up to 40±5°C, and maintained for 6 hours, then 
returned to room temperature. 

[0038] The reaction mixture was stirred overnight at room temperature, and then concentrated under vacuum so as 
to remove most of the solvent; the residue was dissolved in 200 ml of toluene, and the thus obtained solution was 
5 concentrated under vacuum once more, until a residue able to be stirred was obtained. 

[0039] To this residue 400 ml of acetone were added, and the thus obtained suspension was cooled to a temperature 
of 0±5°Cfor2 hours. 

[0040] A solid product was formed, which is filtered and washed with acetone (2 x 50 ml), thus obtaining 83.34 g of 
wet white product, corresponding to 81.09 g of dry D-phenylalanine methyl ester hydrochloride (yield = 94.1%). 

10 

EXAMPLE 2 

Preparation of nateglinide according to the first embodiment of the invention (i.e. carrying out step i) in an organic 
solvent non-miscible with water and omitting optional step ia)). 

15 

[0041] 15.0 g (0.0881 mol) of trans 4-isopropylcyclohexancarboxylic acid were put into an anhydrous flask under 
nitrogen atmosphere together with 225 ml of toluene. Under stirring 10.9 g (0.108 mol) of triethylamine were then added, 
thus obtaining a thick suspension, which was cooled to 0±5°C while maintaining under stirring. 

[0042] To this suspension 1 1 .7 g (0.0969 mol) of pivaloyi chloride were added drop wise, maintaining temperature in 
20 the range 0±5°C. The reaction mixture was made to react for 30 minutes at 0±5°C, and then temperature is brought 

up to 20±5°C and maintained for 2 hours. 

[0043] 1 0.9 g (0.1 08 mol) of triethylamine, and then 1 9.05 g (0.0881 mol) of D-phenylalanine methyl ester hydrochloride 
prepared as described above in Example 1 were added to the reaction mixture portion wise in 30 minutes, which was 
then made to react at 20±5°C for 18 hours. 
25 [0044] Temperature was brought up to 75±5°C and, maintaining temperature in this range, 2 washings with a 5% 
aqueous solution of sodium carbonate (2 x 175 ml) are carried out. The organic phases were merged and added with 
225 ml of deionised water, 13.5 g of 30% solution of sodium hydroxide and a drop of Aliquat. The reaction mixture was 
stirred at 50±5°C for 5 hours. 

[0045] Once reaction was completed, the aqueous phase was separated, added with 0.1 g of carbon LSM and filtered 
30 on a dicalite panel. The thus obtained filtrate was put in a flask and at temperature of 35/40°C HCI 10% was added until 
pH 2.5±0.5. 

[0046] The suspension is cooled to 25°-30° C, maintained at this temperature for 1 hour, and then filtered and washed 
with deionised water until complete disappearance of chlorides. 62.1 g of wet product and 25.45 g of dry product were 
obtained (yield = 91.0%). A DSC analysis has been carried out on the dry product, revealing that a mixture of B-form 
35 and H-form had been obtained. The product was however of high chemical purity according to HPLC analysis. The 
product may thus be converted into the desired pure polymorphic form through methods described herein or known in 
the art. 

EXAMPLE 3 

40 

Preparation of nateglinide according to the first embodiment of the invention (i.e. carrying out step i) in an organic 
solvent non-miscible with water and omitting optional step ia)). 

[0047] The procedure described above in Example 1 was repeated with the same reagents and under the same 

45 operative conditions, but diminishing the amount of toluene, from 225 to 150 ml, thus obtaining 24.2 g of dry end-product 
(yield = 86.6%). A DSC analysis has been carried out on the dry product , revealing that a mixture of B-form and H-form 
had been obtained. The product was however of high chemical purity according to HPLC analysis. The product may 
thus be converted into the desired pure polymorphic form through methods described herein or known in the art. 

50 EXAMPLE 4 

Preparation of nateglinide according to the first embodiment of the invention (i.e. carrying out step i) in an organic 
solvent non-miscible with water and omitting optional step ia)). 

55 [0048] The procedure described above in Example 1 was repeated under the same operative conditions and with the 
same reagents, except the pivaloyi chloride, which was replaced by ethylchloroformiate, thus obtaining 20.8 g of dry 
end-product (yield = 74.4%). A DSC analysis has been carried out on the dry product, revealing that a mixture of B-form 
and H-form had been obtained. The product was however of high chemical purity according to HPLC analysis. The 
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product may thus be converted into the desired pure polymorphic form through methods described herein or known in 
the art. 

EXAMPLE 5 

5 

Preparation of nateglinide in B-form according to the second embodiment of the invention (i.e. carrying outstep i) in a 
first organic solvent miscible with water and carrying out step la) under dissolution in a second organic solvent non- 
miscible with water). 

10 [0049] A 11-flask, at room temperature, under nitrogen and equipped with internal thermometer, stirrer and dropping 
funnel, was charged with trans-4-isopropylcyclohexylcarboxylic acid (30g, 0.1762 mol) and 300 ml acetone. Upon total 
dissolution of the acid, triethylammine (21. 8g, 0.2152 mol) was added (no change of temperature was observed). The 
solution thus obtained was then cooled to 5±5° C and pivaloyi chloride (23. 4g, 0.1938 mol) was added dropwise within 
30 minutes and without exceeding the temperature interval. Due to the precipitation of triethylammine hydrochloride, a 

15 suspension was obtained. Once the addition was completed, the temperature was kept at 5±5° C for 30 minutes, 
whereafter it was left standing until room temperature (20°± 5° C) was reached (about three hours). At this point, a 
second charging with triethylammine (21.8 g, 0.2152 mol) was made and D-phenylalanine methyl ester hydrochloride 
(38.1 g, 0.1762 mol) was added in small amounts, avoiding excessive exothermic heating up of the reaction mixture 
(some initial exothermic heating was due to the setting free of base). The mixture thus obtained thickened considerably 

20 due to the formation of another equivalent of triethylammine hydrochloride. The reaction mixture was left standing at 
room temperature (20°± 5° C) overnight. 

[0050] The next morning, a quantitative TLC was conducted such as to trace down eventual traces of residual, non- 
reacted phenyl alanine methyl ester (not detectable). The suspension was thick but could still be stirred. The product 
thus obtained was then precipitated through the addition of 300 ml of deionized water to the suspension. The suspension 
25 was then cooled for at least two hours to 0°±5° C, filtered and washed three times with 50 ml of deionized water, 73.0 
g of wet product, corresponding to 52.6 g of the dry, white intermediate (nateglinide methyl ester) were obtained (theo- 
retical yield: 58.4g, effective yield: 90.07%). 

[0051] Next, a 21-flask was charged at room temperature with 52.0 g nateglinide methyl ester, 260 ml toluene, 520 ml 

deionized water, one drop of Aliquat ® 336 (tricaprylmethyl ammonium chloride) and 35.2 g of aqueous potassium 
30 hydroxide (50 % by weight solution). Under vigorous stirring, the content of the flask was heated up to 45°-50° C (the 
two phases were still clear); after 5 hours, hydrolysis of the methyl ester was completed. The two phases were thus 
separated at 50° C and the toluene (on top) was discarded, whereas I.Og of carbon LSM was added to the aqueous 
phase which was then filtered through a dicalite panel. The thus obtained clear and colourless solution was then cooled 
to ^5°-20° C. Nateglinide was then precipitated from the solution through the addition of 120 ml aqueous HCI (10%), 
35 such as to impart a pH of 2.5±0.5 carefully controlling the temperature interval of 15°C to 20°c and without exceeding 
the same. After the precipitation, the product was filtered and washed until disappearance of chlorides. 94.0 g wet product 
equivalent 48.3 g dry product, natgelinide B-form was obtained (theoretical yield: 49. 8g; effective yield 97%). A DSC 
analysis has been carried out on the dry product obtaining the peak specific of the nateglinide in B-form (128.97°C). 

40 EXAMPLE 6: 

Preparation of nateglinide according to the first embodiment of the invention (i.e. carrying out step i) in an organic 
solvent non-miscible with water and omitting optional step ia)). 

45 [0052] A 500 ml flask was charged, under nitrogen, at room temperature with 150 ml toluene, 15. 7g 1 ,1-carbonyldi- 
imidazole, and 15.0g trans-4-isopropylcyclohexylcarboxylic acid. The mixture thus obtained was heated to 45±5° C, 
where after the same was left cooling down to room temperature (20±5° C) and 15 ml triethyl ammine was charged. 
Thereafter 19.05g D-phenylalanine methyl ester hydrochloride was added in small amounts. After completion of the 
addition, the mixture was heated to reflux (108° C) and maintained at reflux for 16 hours. A TLC control reavaels that 

50 the D-phenylalanine methyl ester still unreacted is less than 2%. Thereafter, reaction mixture was cooled to 70±5° and 
washed three times with 100 ml deionized water. To the washed organic solution, 150 ml deionized water, 23. 5g 30% 
NaOH and 1 drop of Aliquat® phase transfer catalyst were added. The biphasic mixture thus obtained was heated for 
4 hours to 45±5° C. Thereafter, the phases were separated at 70±°5 C and the aqueous phase was diluted with 75 ml 
of deionized water, 0.3g of carbon LSM was added and filtration on a decalite panel was carried out. The nateglinide 

55 was then precipitated, at 45° C trough addition of 10% aqueous HCI solution until a pH of 2.5±5 was reached. The 
precipitate was washed at rt (20°C) and washed with water until disappearance of chlorides. 22.7 g of dried product 
were obtained, corresponding (compared to 27,96g of theoretical yield) to an effective yield of 81.2%. The product thus 
obtained was tested through DSC analysis , revealing that a mixture of B-form and H-form had been obtained. The 
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product was however of high purity according to HPLC analysis. The product may thus be converted into the desired 
pure polymorphic form through methods described herein or known in the art. 

EXAMPLE 7 

5 

Preparation of nateglinide according to the first embodiment of the invention (i.e. carrying outstep i) in an organic 
solvent non-miscible with water and omitting optional step ia)). 

[0053] Example has been carried out exactly as example 6 above, except for the fact that the condensation of the 
10 imidazolide derived from the acid with D-phenylalanine methyl ester hydrochloride was conducted at 40°-45°C for 36 
hours (c.f. above where 16 hours at reflux were applied). Likewise, with these modified conditions, a residual amount 
of unreacted 2% D-phenyl alanine methyl ester (checked through TLC) was reached. After working up as above, an 
effective yield of 85.83% was reached. The product thus obtained was tested through DSC analysis, revealing that a 
mixture of B-form and H-form had been obtained. The product was however of high purity according to HPLC analysis. 
15 The product may thus be converted into the desired pure polymorphic form through methods described herein or known 
in the art. 

EXAMPLE 8: 

20 Preparation of nateglinide in B-form according to the second embodiment of the invention (i.e. carrying out step i) in a 
first organic solvent miscible with water and carrying out step ia) under dissolution in a second organic solvent non- 
miscible with water). 

[0054] A 11 -flask, at room temperature, under nitrogen and equipped with internal thermometer, stirrer and dropping 
25 funnel, was charged with trans-4-isopropylcyclohexylcarboxylic acid (30g, 0.1762 mol) and 300 ml acetone. Upon total 
dissolution of the acid, triethylammine (21. 8g, 0.2152 mol) was added (no change of temperature was observed). The 
solution thus obtained was then cooled to 0±5° C and ethyl cloroformiate (18.6 ml, 0.1938 mol) was added dropwise 
within 30 minutes and without exceeding the temperature interval. Once the addition was completed, the mixture was 
left standing until room temperature (20°± 5° C) was reached and stirred for about three hours. At this point, a second 
30 charging with triethylammine (21.8 g, 0.2152 mol) was made and D-phenylalanine methyl ester hydrochloride (38.1 g, 
0.1762 mol) was added in small amounts, avoiding excessive exothermic heating up of the reaction mixture (some initial 
exothermic heating was due to the setting free of base). The mixture thus obtained thickened considerably due to the 
formation of another equivalent of triethylammine hydrochloride. The reaction mixture was left stirring at 25° ± 5° C 
overnight. 

35 [0055] The next morning, a quantitative TLC was conducted such as to trace down eventual traces of residual, non- 
reacted phenyl alanine methyl ester (less than 2%- note that this value, unlike in the case of the use of pivaloyi chloride 
reported in example 5 above- remains the same even, if the reaction time is extended well beyond the value reported 
here). The suspension was thick but could still be stirred. The product thus obtained was then precipitated through the 
addition of 300 ml of deionized water to the suspension. The suspension was then cooled for at least two hours to 0°±5° 

40 c, filtered and washed three times with 50 ml of deionized water, 66.0 g of wet product, corresponding to 45.8 g of the 
dry, white intermediate (nateglinide methyl ester) were obtained (theoretical yield: 58.4g, effective yield: 78.42%). 
[0056] Next, a 21-flask was charged at room temperature with 45.8 g nateglinide methyl ester, 230 ml toluene, 520 ml 
deionized water, one drop of Aliquat © 336 (tricaprylmethyl ammonium chloride) and 35.2 g of aqueous potassium 
hydroxide (50 % by weight solution). Under vigorous stirring, the content of the flask was heated up to 45°-50° C (the 

45 two phases were still clear); after 5 hours, hydrolysis of the methyl ester was completed. The two phases were thus 
separated at 50° C and the toluene (on top) was discarded, whereas I.Og of carbon LSM was added to the aqueous 
phase which was then filtered through a dicalite panel. The thus obtained clear and colourless solution was then cooled 
to 15°-20° C. Nateglinide was then precipitated from the solution through the addition of 120 ml aqueous HCI (10%), 
such as to impart a pH of 2.5±0.5 carefully controlling the temperature interval of 15°C to 20°C and without exceeding 

50 the same. After the precipitation, the product was filtered and washed until disappearance of chlorides. After drying of 
the wet product equivalent 43.25 g dry product, natgelinide B-form was obtained corresponding to an effective yield of 
98.6% for the sole hydrolysis step. A DSC analysis has been carried out on the dry product obtaining the peak specific 
of the nateglinide in B-form (130.44°C) 

55 
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EXAMPLE 9: 
HPLC Purity testing. 

5 [0057] The chemical purity of the nateglinide obtained according to example 5 was evaluated on a HPLC equipped 
with a sperisorb ODS -1 250x4.6 mm column and an UV-detector with acetonitrile - 1g/l phosphoric acid as liquid phase. 
Previously, comparative chromatograms of nateglinide methyl ester (Fig. 1), phenylalanine methyl ester hydrochloride 
(FIG. 2), and of phenylalanine, nateglinide, phenylalanine methyl ester, and nateglinide methyl ester together (Fig. 3) 
were recorded to establish the respective retention times. It therefore appears that the three samples of nateglinide 

10 obtained with the process according to the present invention (Fig. 4, 5 and 6 respectively) display a HPLC purity > 99,9%. 

EXAMPLE 10: 

Precipitation of the pure B-form at various temperatures and at various concentrations. 

15 

[0058] Different crops of pure B-form of nateglinide were obtained, after repeating the synthesis set out in example 
5, from different portions of mother liquor applying different thermic conditions both, at standard conditions and after 
diluting the aqueous phase of stepii) twice with water before carrying out the precipitation according to stepiii). 

20 - In particular, Figure 7 shows the DSC analysis of two samples from the same batch, wherein the upper curve (termed 

Naty 62/03A) shows the DSC of a sample precipitated at 20°C from the mother liquor (the dilution employed being 
the one of example 5 above), recorded on DSC822 Mettler Toledo equipment actuating a heating rate of 10°C/min 
between 100° C and 200° C (1,25 mg having been employed for the registration of the curve and the data of the 
curve plotted by the equipment being as follows: Integral: -92.89mJ; normalized: -74.31 J/g; onset: 128.73°c; Peak 

25 130.05°C). Always in Figure 7, the lower curve (termed Naty 62/03B) shows the DSC of a sample precipitated at 

20°C from the mother liquor (the dilution employed being twice the one of example 5 above), recorded on DSC822 
Mettler Toledo equipment actuating a heating rate of 10°C/min between 100° C and 200° C (1,12 mg having been 
employed for the registration of the curve and the data of the curve plotted by the equipment being as follows: 
Integral: -81.40 mJ; normalized: -72.68J/g; onset: 128.78°C; Peak 130.03°C). 

30 - Further, Figure 8 shows the DSC analysis of two samples from the same batch, wherein the upper curve (termed 
Naty 62/03C) shows the DSC of a sample precipitated at 5-1 0°C from the mother liquor (the dilution employed being 
the one of example 5 above), recorded on DSC822 Mettler Toledo equipment actuating a heating rate of 10°C/min 
between 100° C and 200° C (1,1 8mg having been employed for the registration of the curve and the data of the 
curve plotted by the equipment being as follows: Integral: -93.28mJ; normalized: -79.05J/g; onset: 128. 56. c; Peak 

35 129.85°c). Always in Figure 8, the lower curve (termed Naty 62/03D) shows the DSC of a sample precipitated at 

5-1 0 °C from the mother liquor (the dilution employed being twice the one of example 5 above), recorded on DSC822 
Mettler Toledo equipment actuating a heating rate of 10°C/min between 100° C and 200° C (0,92 mg having been 
employed for the registration of the curve and the data of the curve plotted by the equipment being as follows: 
Integral: -74.17 mJ; normalized: -80.62J/g; onset: 128.92°C; Peak 130.25°C). 

40 - Further, Figure 9 shows the DSC analysis of two samples from the same batch, wherein the upper curve (termed 
Naty 63/03E) shows the DSC of a sample precipitated at 15°C from the mother liquor (the dilution employed being 
the one of example 5 above), recorded on DSC822 Mettler Toledo equipment actuating a heating rate of 10°C/min 
between 100° C and 200° C (0,97mg having been employed for the registration of the curve and the data of the 
curve plotted by the equipment being as follows: Integral: -78.47mJ; normalized: -80.89J/g; onset: 128. 59. C; Peak 

45 130.03°C). Always in Figure 9, the lower curve (termed Naty 62/03F) shows the DSC of a sample precipitated at 

15°C from the mother liquor (the dilution employed being twice the one of example 5 above), recorded on DSC822 
Mettler Toledo equipment actuating a heating rate of 10°C/min between 100° C and 200° C (1,57 mg having been 
employed for the registration of the curve and the data of the curve plotted by the equipment being as follows: 
Integral: -119.63 mJ; normalized: -76.20J/g; onset: 129.01°C; Peak 130.56°C). 

50 - Finally, for confirmation purposes, a second sample, termed Naty 62/03/G, was treated exactly like sample Naty 
62/03/A (dilution as in example 5, precipitation at 20° C), and the respective DSC curve, shown in Figure 10, was 
recorded on DSC822 Mettler Toledo equipment actuating a heating rate of 10°C/min between 100° C and 200° C 
(1,5100 mg having been employed for the registration of the curve and the data of the curve plotted by the equipment 
being as follows: Integral: -118.51 mJ; normalized: -78.48J/g; onset: 127.94°C; Peak 130.74°C). 

55 

[0059] The DSC curves as reported herein were double-checked through IR analysis, fully confirming the high poly- 
morphic purity of the B-form preparations obtained by the methods of the present invention. 
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EXAMPLE 11: 

[0060] Registration of X-ray powder diffraction data of the pure B-form obtained with the method of the present invention. 
[0061] Figure 11 shows the powder X-ray diffractogram of the sample 62/03A recorded on a Philips diffracto meter 
PW 1710. As it appears from Figure 11, the X-ray powder diffractogram m corresponds fully to the known one of the B- 
form shown in EP 526 171 and US 5,488,150, respectively (see Figure 1 therein). Note that not only the peak positions 
(two theta), but also the relative peak intensities correspond substantially to the data given in the prior art. In particular, 
in Figure 1 1 , there are no diffraction peaks, whose occurrence would be characteristic for the sole H-form of nateglinide, 
as its powder diffractogram appears from Figure 3 of EP 526 171 and US 5,488,150, respectively. Hence, it can be 
concluded that the B-form of nateglinide which may be obtained through the methods provided by the present invention, 
is substantially free of the H-form. 

[0062] In particular, the pure B-form obtained through the methods of the present invention is characterized through 

an X-ray powder diffractogram comprising reflection peaks at 4.8 ± 1 ° two theta, 5,1 ± 1 ° two theta, 13. 8± 1° two theta, 
14.0± 1° two theta, and 17.7± 1° two theta. In the following Appendix 1, there are set out the analytical data recorded 
by the Philips PW 1710 diffracto meter for sample 62/03A and underlying Figure 1 1 . 

[0063] Figure 12 shows, for comparative purposes, an X-ray powder diffractogram of the pure H-form of nateglinide 
(sample 71/03) used for the validation and double-checking of the analytical data herein described, from which it can 
be seen that that the peak positions (two theta) correspond to those of the diffractogram according to Figure 3 of EP 
526 171 and US 5,488,150, respectively. While there are some differences in the relative intensities, these may be 
attributed to effects brought about by preferred orientations of the crystals. 

[0064] In the following Appendix 2, there are set out the analytical data recorded by the Philips PW 1710 diffracto meter 
for sample 71/03 and underlying Figure 12. 

[0065] Figure 13 shows, for comparative purposes, an X-ray powder diffractogram of a mixture of the B-form and the 
H-form of nateglinide (sample 70/03B), from which it can be seen that that the peak positions (two theta) correspond to 
both of the diffractograms according to Figures 1 and 3 of EP 526 171 and US 5,488,150, respectively. 
[0066] In the following Appendix 3, there are set out the analytical data recorded by the Philips PW 1710 diffracto meter 
for sample 70/03B and underlying Figure 13. 

APPENDIX 1 

[0067] 

File: NATY-B.DI 18-nov-2003 12:10 

PHILIPS ANALYTICAL PC-APD, Diffraction software 

Sample identification: NATY B 62/03 A 
Data measured at: 12-nov-2003 1 1 :44:00 



Diffracto meter type 
Tube anode: 
Generator tension [kV] 
Generator current [mA] 
Wavelength Alphal [A] 
Wavelength Alpha2 [A] 
Intensity ratio (alpha2/alpha1): 
Divergence slit: 
Receiving slit: 
Monochromator used 



PW1710 BASED 

Cu 

40 

30 

1.54060 

1.54439 

0.500 

1/2' 

0.1 

NO 



Start angle [°2e] 

End angle [°2e]: 
Step size [°2e]: 
Maximum intensity: 
Time per step [s] 
Type of scan 



2.010 
39.990 
0.020 
1998.090 

1.250 

CONTINUOUS 
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(continued) 

File: NATY-B.DI 18-nov-2003 12:10 

PHILIPS ANALYTICAL PC-APD, Diffraction software 

5 



10 



Minimum peak tip width 


0.05 


Maximum peak tip width 


1.00 


Peak base width 


2.00 


Minimum significance 


0.75 


Number of peaks 


33 





Angle [°2e] 


d-value a1 


d-value a2 


Peak width 


Peak int 


Back, int 


Rel. int [%] 


Signif. 


15 




[A] 


[A] 


['29] 


[counts] 


[counts] 








3.830 


23.0513 


23.1080 


0.140 


708 


151 


35.4 


6.32 




4.835 


18.2619 


18.3068 


0.140 


1998 


137 


100.0 


9.33 




5.120 


17.2459 


17.2884 


0.120 


1170 


137 


58.5 


5.99 


20 


5.500 


16.0552 


16.0947 


0.100 


253 


130 


12.7 


1.07 


6.100 


14.4773 


14.5129 


0.080 


437 


123 


21.9 


1.01 




6.515 


13.5560 


13.5894 


0.120 


279 


117 


14.0 


2.27 




7.065 


12.5019 


12.5326 


0.080 


114 


108 


5.7 


0.85 




9.155 


9.6520 


9.6757 


0.060 


110 


86 


5.5 


0.85 


25 


10.210 


8.6569 


8.6782 


0.280 


119 


85 


5.9 


6.45 




11.390 


7.7625 


7.7816 


0.120 


50 


83 


2.5 


1.09 




11.850 


7.4622 


7.4806 


0.120 


41 


81 


2.0 


0.82 




12.595 


7.0225 


7.0397 


0.200 


114 


81 


5.7 


1.83 


30 


13.790 


6.4165 


6.4323 


0.120 


829 


79 


41.5 


1.10 


14.040 


6.3028 


6.3183 


0.120 


756 


79 


37.8 


3.40 




14.495 


6.1059 


6.1210 


0.160 


106 


79 


5.3 


1.36 




16.460 


5.3812 


5.3944 


0.560 


250 


77 


12.5 


9.96 




17.695 


5.0083 


5.0206 


0.440 


475 


77 


23.8 


12.06 


35 


18.960 


4.6769 


4.6884 


0.240 


388 


76 


19.4 


4.33 




20.155 


4.4022 


4.4130 


0.160 


600 


74 


30.0 


1.86 




21.075 


4.2121 


4.2224 


0.200 


313 


74 


15.7 


1.51 




21.735 


4.0856 


4.0957 


0.200 


196 


74 


9.8 


1.13 




22.285 


3.9860 


3.9958 


0.160 


174 


72 


8.7 


1.30 


40 


23.070 


3.8521 


3.8616 


0.640 


125 


72 


6.3 


4.63 




23.850 


3.7279 


3.7371 


0.480 


137 


71 


6.9 


2.40 




25.470 


3.4943 


3.5029 


0.240 


66 


69 


3.3 


1.42 




26.920 


3.3093 


3.3175 


0.280 


61 


69 


3.0 


1.76 


45 


27.570 


3.2328 


3.2407 


0.280 


79 


67 


4.0 


2.05 




29.175 


3.0585 


3.0660 


0.320 


41 


67 


2.0 


1.29 




30.980 


2.8843 


2.8914 


0.200 


50 


64 


2.5 


0.93 




33.185 


2.6975 


2.7041 


0.480 


29 


62 


1.5 


1.48 




34.485 


2.5987 


2.6051 


0.560 


36 


62 


1.8 


3.17 


50 


35.325 


2.5388 


2.5451 


0.240 


29 


61 


1.5 


1.26 




37.110 


2.4207 


2.4266 


0.400 


21 


59 


1.1 


0.81 



APPENDIX 2 

55 

[0068] 
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File: NATY-H.DI 



18-nov-2003 12:07 



PHILIPS ANALYTICAL 



PC-APD, Diffraction software 



Sample identification 
Data measured at: 



NATY H 71/03 
12-nov-2003 10:50:00 



10 



15 



Diffracto meter type 
Tube anode 
Generator tension [kV] 
Generator current [mA] 
Wavelength Alphal [A] 
Wavelength Alpha2 [A] 
Intensity ratio (alpha2/alpha1) 
Divergence slit 
Receiving slit 
Monochromator used 



PW1710 BASED 

Cu 

40 

30 

1.54060 

1 .54439 

0.500 

1/2° 

0.1 

NO 



20 



25 



Start angle [°2e] 
- End angle ["26] 
Step size [°2Q] 
Maximum intensity 
Time per step [s]: 
Type of scan : 



2.010 

39.990 

0.020 

1656.490 

1.250 

CONTINUOUS 



30 



Minimum peak tip width: 


0.05 


Maximum peak tip width: 


1.00 


Peak base width: 


2.00 


Minimum significance 


0.75 


Number of peaks: 


38 



35 





Angle [°2e] 


d-value a1 


d-value a2 


Peak width 


Peak int 


Back, int 


Rel. int [%] 


Signif. 






[A] 


[A] 


[•29] 


[counts] 


[counts] 








2.815 


31.3601 


31.4373 


0.240 


69 


106 


4.2 


1.06 




3.815 


23.1419 


23.1988 


0.080 


276 


106 


16.6 


0.83 


40 


4.840 


18.2430 


18.2879 


0.060 


306 


106 


18.5 


1.39 




5.440 


16.2322 


16.2721 


0.120 


918 


106 


55.4 


5.29 




6.490 


13.6082 


13.6417 


0.240 


90 


106 


5.4 


1.20 




8.090 


10.9201 


10.9469 


0.080 


454 


106 


27.4 


0.83 


45 


8.985 


9.8342 


9.8584 


0.200 


151 


106 


9.1 


2.66 


10.370 


8.5237 


8.5446 


0.240 


100 


106 


6.0 


1.34 




11.040 


8.0078 


8.0275 


0.280 


299 


106 


18.1 


4.43 




11.495 


7.6919 


7.7108 


0.120 


317 


106 


19.1 


3.11 




11.905 


7.4279 


7.4461 


0.200 


125 


106 


7.6 


2.82 


50 


13.105 


6.7503 


6.7669 


0.200 


396 


106 


23.9 


8.76 




13.915 


6.3591 


6.3748 


0.240 


81 


106 


4.9 


2.03 




15.120 


5.8549 


5.8693 


0.140 


562 


106 


33.9 


2.79 




15.955 


5.5503 


5.5640 


0.180 


740 


106 


44.7 


7.32 




16.340 


5.4204 


5.4338 


0.160 


357 


106 


21.6 


1.86 


55 


17.235 


5.1409 


5.1536 


0.120 


121 


106 


7.3 


1.20 




18.170 


4.8784 


4.8904 


0.160 


467 


106 


28.2 


0.81 




18.855 


4.7027 


4.7143 


0.140 


790 


106 


47.7 


3.61 
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(continued) 



Angle [°2e] 


d-value a1 


d-value a2 


Peak width 


Peak int 


Back, int 




[A] 


[A] 


[29] 


[counts] 


[counts] 


19.395 


4.5730 


4.5842 


0.140 


1568 


106 


19.625 


4.5199 


4.5310 


0.240 


1656 


106 


20.125 


4.4087 


4.4196 


0.120 


630 


106 


20.990 


4.2289 


4.2393 


0.100 


702 


106 


22.265 


3.9896 


3.9994 


0.240 


121 


106 


23.075 


3.8513 


3.8608 


0.320 


269 


106 


23.495 


3.7834 


3.7927 


0.200 


266 


106 


24.305 


3.6591 


3.6681 


0.200 


231 


106 


25.950 


3.4308 


3.4392 


0.200 


180 


106 


26.935 


3.3075 


3.3157 


0.240 


56 


106 


28.365 


3.1439 


3.1517 


0.200 


69 


106 


29.700 


3.0056 


3.0130 


0.320 


81 


106 


30.860 


2.8952 


2.9023 


0.320 


37 


106 


31.980 


2.7963 


2.8032 


0.320 


29 


106 


32.680 


2.7380 


2.7447 


0.240 


34 


106 


33.455 


2.6763 


2.6829 


0.320 


16 


106 


34.765 


2.5784 


2.5848 


0.800 


24 


106 


36.295 


2.4732 


2.4792 


0.640 


28 


106 


38.195 


2.3544 


2.3602 


0.560 


45 


106 



APPENDIX 3 
[0069] 



File: NATY-HB.DI 



PHILIPS ANALYTICAL 



18-nov-2003 12:13 



PC-APD, Diffraction software 



Sample identification 
Data measured at: 



NATY MIX H+B 70/03B 
12-nov-2003 12:50:00 



D iff racto meter type: 
Tube anode 
Generator tension [kV] 
Generator current [mA] 
Wavelength Alphal [A] 
Wavelength Alpha2 [A] 
Intensity ratio (alpha2/alpha1) 
Divergence slit 
Receiving slit: 
Monochromator used: 



PW1710 BASED 

Cu 
40 
30 

1.54060 

1.54439 

0.500 

1/2 

0.1 

NO 



Start angle [°2e] 
End angle [°2e] 
Step size [°2e] 
Maximum intensity 
Time per step [s] 
Type of scan 



2.010 

39.990 

0.020 

936.3600 

1.250 

CONTINUOUS 



Minimum peak tip width: 



0.05 
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(continued) 

File: NATY-HB.DI 18-nov-2003 12:13 

PHILIPS ANALYTICAL PC-APD, Diffraction software 

5 

Maximum peak tip width: 1 .00 
Peak base width: 2.00 
Minimum significance 0.75 
Number of peaks: 38 





Angle [°2^] 


d-value a1 


d-value a2 


Peak width 


Peak int 


Back, int 


Rel. int [%] 


Sign if. 






[A] 


[A] 


r2e] 


[counts] 


[counts] 






15 


3.860 


22.8722 


22.9284 


0.120 


454 


166 


48.5 


4.26 




4.820 


18.3187 


18.3637 


0.180 


936 


154 


100.0 


9.45 




5.115 


17.2628 


17.3053 


0.100 


692 


154 


73.9 


2.34 




5.485 


16.0991 


16.1387 


0.140 


762 


146 


81.4 


7.72 


20 


6.065 


14.5608 


14.5966 


0.120 


250 


139 


26.7 


2.28 


6.505 


13.5768 


13.6102 


0.100 


154 


132 


16.4 


1.59 




7.025 


12.5730 


12.6039 


0.120 


64 


128 


6.8 


1.11 




8.175 


10.8067 


10.8333 


0.160 


182 


114 


19.5 


3.73 




9.010 


9.8070 


9.8311 


0.280 


83 


100 


8.8 


3.39 


25 


10.225 


8.6442 


8.6655 


0.120 


90 


94 


9.6 


1.11 




10.965 


8.0624 


8.0823 


0.240 


216 


94 


23.1 


2.24 




11.515 


7.6786 


7.6974 


0.080 


228 


94 


24.4 


0.95 




11.990 


7.3754 


7.3936 


0.120 


85 


94 


9.0 


1.72 


30 


12.935 


6.8386 


6.8554 


0.320 


169 


92 


18.0 


1.36 


13.165 


6.7197 


6.7362 


0.080 


282 


92 


30.1 


1.31 




13.790 


6.4165 


6.4323 


0.100 


350 


92 


37.3 


0.77 




14.010 


6.3162 


6.3318 


0.100 


369 


92 


39.4 


1.07 




14.415 


6.1397 


6.1548 


0.120 


119 


92 


12.7 


1.05 


35 


15.215 


5.8186 


5.8329 


0.080 


388 


92 


41.4 


1.04 




16.025 


5.5263 


5.5399 


0.140 


524 


90 


56.0 


3.11 




16.390 


5.4040 


5.4173 


0.200 


296 


90 


31.6 


1.87 




17.785 


4.9831 


4.9954 


0.240 


234 


90 


25.0 


1.35 




18.285 


4.8480 


4.8599 


0.240 


313 


90 


33.5 


1.08 


40 


18.795 


4.7176 


4.7292 


0.160 


400 


88 


42.7 


2.29 




19.435 


4.5636 


4.5749 


0.240 


790 


88 


84.3 


2.94 




19.680 


4.5074 


4.5185 


0.160 


778 


88 


83.1 


1.03 




21.010 


4.2250 


4.2354 


0.200 


384 


88 


41.0 


2.33 


45 


22.360 


3.9728 


3.9826 


0.200 


102 


86 


10.9 


0.78 




23.040 


3.8571 


3.8666 


0.200 


154 


86 


16.4 


1.25 




23.600 


3.7668 


3.7761 


0.120 


166 


86 


17.8 


0.79 




24.250 


3.6673 


3.6763 


0.160 


123 


86 


13.2 


0.96 




25.970 


3.4282 


3.4366 


0.480 


69 


85 


7.4 


1.85 


50 


26.905 


3.3111 


3.3193 


0.240 


36 


85 


3.8 


0.96 




27.690 


3.2190 


3.2269 


0.320 


46 


85 


4.9 


1.01 




29.730 


3.0026 


3.0100 


0.200 


38 


83 


4.1 


0.80 




30.995 


2.8829 


2.8900 


0.320 


35 


81 


3.7 


1.18 


55 


34.540 


2.5947 


2.6011 


0.480 


20 


83 


2.2 


2.11 


38.060 


2.3624 


2.3682 


0.480 


12 


77 


1.2 


0.99 
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Claims 

1 . A process for the preparation of nateglinide comprising the following steps: 

1) reaction in a first organic solvent between D-phenylalanine methyl ester or a salt thereof, trans 4-isopropyl- 
cyclohexancarboxylic acid and an acyl chloride or carbonyldiimidazol, to obtain the nateglinide methylester; 
ia) optionally isolating the nateglinide methylester thus obtained and re-dissolving the nateglinide methylester 
in a second organic solvent, to give a solution, 

ii) addition of water and alkali hydroxide to the reaction mixture coming from step i) without isolating the nateglinide 
methyl ester, or, if applicable, to the solution of step ia), and separation of the aqueous phase containing the 
alkali salt of nateglinide; 

iii) addition of hydrochloric acid to the aqueous phase coming from step ii), to obtain nateglinide, 
wherein the organic solvent actually employed in step ii) is a solvent non-miscible with water. 

2. The process as claimed in claim 1 , wherein the first organic solvent employed in step i) is a water-miscible organic 
solvent, and wherein the isolation of nateglinide methyl ester according to step ia) is carried out through the addition 
of water to the reaction mixture resulting from step i), and further wherein the second organic solvent employed in 
step ia) for re-dissolving the nateglinide methylester is non-miscible with water. 

3. The process as claimed in claim 1 , wherein the first organic solvent employed in step i) is non-miscible with water 
and wherein step ia) is omitted. 

4. The process according to claims 1 and 2 wherein the water-miscible organic solvent is selected from the group 
consisting of acetone, DMF, dimethylacetamide, N-methylpyrrolidone, glyme, diglyme, THF and dioxane. 

5. The process according to claim 4, wherein the water-miscible organic solvent is acetone. 

6. The process according to claims 1-3 wherein the organic solvent non-miscible with water is selected from the group 
consisting of toluene, xylenes, benzene, clorobenzene, methylene chloride, hexane, heptane and cyclohexane. 

7. The process according to claim 6 wherein the organic solvent non-miscible with water is toluene. 

8. The process as claimed in claims 1-7, for the preparation of nateglinide in B-form substantially free from nateglinide 
in H-form, wherein the addition of hydrochloric acid in step iii) is carried out at a temperature ranging from 5°C to 20°C. 

9. The process as claimed in claim 8, wherein the addition of hydrochloric acid in step iii) is carried out at a temperature 
ranging from 10 to 20°C, preferably 15°C-20°C. 

1 0. The process as claimed in claim 1 , wherein the acyl chloride in step i) is selected from the group consisting of pivaloyi 
chloride and ethyl chloroformate. 

11. The process as claimed in claim 10, wherein the acyl chloride in step i) is pivaloyi chloride. 

12. The process as claimed in claim 1 , wherein the addition of water and alkali hydroxide in step ii) is carried out in the 

presence of a phase transfer catalyst. 

13. The process as claimed in claim 12, wherein the phase transfer catalyst is a quartemary ammonium salt, preferably 
tri-caprylmethylammonium chloride. 

14. The process as claimed in claims 1-13, wherein the addition of water and alkali hydroxide and the separation of the 
aqueous phase containing the alkali salt of nateglinide in step ii), is carried out at a temperature ranging from 45 to 
55°C. 

15. The process as claimed in claims 1-14, wherein the hydrochloric acid in step iii) is added to the aqueous phase 
coming from step ii) until a pH comprised between 2.0 and 3.0 is obtained. 

16. The process as claimed in claims 1-15, wherein the D-phenylalanine methyl estersalt in step i) is the D-phenylalanine 
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methyl ester hydrochloride. 

17. A process for the preparation of nateglinide in B-form substantially free from H-form, starting from nateglinide not 
being in the pure B-form, comprising dissolving nateglinide in water with alkali hydroxide to obtain an aqueous 
solution, and adding thereto hydrochloric acid at a temperature ranging from 5°C to 20°C. 

1 8. The process as claimed in claim 1 7, wherein the addition of hydrochloric acid is carried out at a temperature ranging 
from 10°C to 20°C, preferably from 15°C to 20°C. 

19. The process as claimed in claim 17 or 18, wherein the hydrochloric acid is = added to the aqueous solution of 
nateglinide alkali salt until a pH comprised between 2.0 and 3.0 is obtained. 

20. A process according to one or more of the preceding claims in which the alkali hydroxide is selected from the group 
consisting of lithium hydroxide, potassium hydroxide and sodium hydroxide. 

21. The process according to claim 20 in which the alkali hydroxide is potassium hydroxide. 



Patentanspruche 

1. Verfahren zur Herstellung von Nateglinid, umfassend die folgenden Schritte: 

i) Reaktion in einem ersten organischen Losungsmittel zwischen D-Phenylalaninmethylester oder einem Salz 
davon, trans-4-lsopropylcyclohexancarbonsaure und einem Acylchlorid oder Carbonyldiimidazol zum Erhalt 
des Nateglinidmethylesters; 

ia) gegebenenfalls Isolieren des so erhaltenen Nateglinidmethylesters und erneutes Losen des Nateglinid- 
methylesters in einem zweiten organischen Losungsmittel zum Erhalt einer Losung, 

ii) Zugabe von Wasser und Alkalihydroxid zur Reaktionsmischung aus Schritt i) ohne Isolation des Nateglinid- 
methylesters, Oder, falls zutreffend, zur Losung von Schritt ia), und Abtrennen der wassrigen Phase, die das 
Alkalisalz von Nateglinid enthalt; 

iii) Zugabe von Salzsaure zur wassrigen Phase aus Schritt ii) zum Erhalt von Nateglinid, 

worin das in Schritt ii) tatsachlich verwendete organische Losungsmittel ein mit Wasser nicht mischbares Losungs- 
mittel ist. 

2. Verfahren gemafi Anspruch 1, worin das in Schritt i) verwendete erste organische Losungsmittel ein mit Wasser 
mischbares organisches Losungsmittel ist, und worin die Isolation von Nateglinidmethylestergemafi Schritt ia) durch 
die Zugabe von Wasser zur Reaktionsmischung, die aus Schritt i) resultiert, durchgefuhrt wird, und ferner, worin 
das in Schritt ia) zum erneuten Losen des Nateglinidmethylesters verwendete zweite organische Losungsmittel mit 
Wasser nicht mischbar ist. 

3. Verfahren gemali Anspruch 1 , worin das in Schritt i) verwendete erste organische Losungsmittel mit Wasser nicht 
mischbar ist, und worin Schritt ia) weggelassen wird. 

4. Verfahren gemafi Anspruchen 1 und 2, worin das mit Wasser mischbare organische Losungsmittel ausgewahit ist 
aus der Gruppe, bestehend aus Aceton, DMF, Dimethylacetamid, N-Methylpyrrolidon, Glyme, Diglyme, THF und 
Dioxan. 

5. Verfahren gemafi Anspruch 4, worin das mit Wasser mischbare organische Losungsmittel Aceton ist. 

6. Verfahren gemafi Anspruchen 1 bis 3, worin das mit Wasser nicht mischbare organische Losungsmittel ausgewahit 
ist aus der Gruppe, bestehend aus Toluol, Xylolen, Benzol, Chlorbenzol, Methylenchlorid, Hexan, Heptan und 
Cyclohexan. 

7. Verfahren gemafi Anspruch 6, worin das mit Wasser nicht mischbare organische Losungsmittel Toluol ist. 



16 



EP 1 535 900 B1 

8. Verfahren gemafi Anspruchen 1 bis 7 zur Herstellung von Nateglinid in B-Form, das im wesentlichen frei an Nateglinid 
in H-Form ist, worin die Zugabe von Saizsaure in Schritt iii) bei einer Temperatur im Bereich von 5 bis 20°C durch- 
gefiihrt wird. 

5 9. Verfahren gemaf?> Anspruch 8, worin die Zugabe von Saizsaure in Schritt iii) bei einer Temperatur im Bereich von 
10 bis 20°C, vorzugsweise 15 bis 2Q°C durchgefuhrt wird. 

10. Verfahren gemaR> Anspruch 1, worin das Acylchlorid in Schritt i) ausgewahit ist aus der Gruppe, bestehend aus 

Pivaloylchlorid und Ethylchlorformiat. 

10 

11. Verfahren gemali Anspruch 10, worin das Acylchlorid in Schritt i) Pivaloylchlorid ist. 

12. Verfahren gemafi Anspruch 1 , worin die Zugabe von Wasser und Alkalihydroxid in Schritt ii) in der Gegenwart eines 
Phasentransferkatalysators durchgefuhrt wird. 

15 

13. Verfahren gemafi Anspruch 12, worin der Phasentransferkatalysatorein quaternares Ammoniumsalz, vorzugsweise 
Tricaprylmethylammoniumchlorid, ist. 

14. Verfahren gemafi Anspruchen 1 bis 13, worin die Zugabe von Wasser und Alkalihydroxid und die Abtrennung der 
20 wassrigen Phase, die das Alkalisalz von Nateglinid enthalt, in Schritt ii) bei einer Temperatur im Bereich von 45 bis 

55°C durchgefuhrt wird. 

15. Verfahren gemafi Anspruchen 1 bis 14, worin die Saizsaure in Schritt iii) zur wassrigen Phase aus Schritt ii) gegeben 
wird, bis ein pH von 2,0 bis 3,0 erhalten wird. 

25 

16. Verfahren gemafi Anspruchen 1 bis 15, worin das D-Phenylalaninmethylestersalz in Schritt i) das D-Phenylalanin- 
methylesterhydrochlorid ist. 

17. Verfahren zur Herstellung von Nateglinid in B-Form, das im wesentlichen frei an H-Form ist, ausgehend von Na- 
30 teglinid, das nicht in der reinen B-Form ist, umfassend das Losen von Nateglinid in Wasser mit Alkalihydroxid zum 

Erhalt einer wassrigen Losung, und Zugabe von Saizsaure bei einer Temperatur im Bereich von 5 bis 20°C. 

18. Verfahren gemali Anspruch 17, worin die Zugabe von Saizsaure bei einer Temperatur im Bereich von 10 bis 20°C, 
vorzugsweise 15 bis 20°C, durchgefuhrt wird. 

35 

19. Verfahren gemafi Anspruch 1 7 oder 1 8, worin die Saizsaure zur wassrigen Losung von Nateglinid-Alkalisalzgegeben 
wird, bis ein pH von 2,0 bis 3,0 erhalten wird. 

20. Verfahren gemafi einem oder mehreren der vorangehenden Anspruche, worin das Alkalihydroxid ausgewahit ist 
40 aus der Gruppe, bestehend aus Lithiumhydroxid, Kaliumhydroxid und Natriumhydroxid. 

21. Verfahren gemafi Anspruch 20, worin das Alkalihydroxid Kaliumhydroxid ist. 



45 Revendications 

1. Procede pour la preparation de nateglinide comprenant les etapes suivantes : 

i) reaction dans un premier solvant organique entre Tester methylique de D-phenylalanine ou son sel, Tacide 
50 trans 4-isopropylcyclohexanecarboxylique et un chlorure d'acyle ou carbonyldiimidazole pour obtenir le ester 

methylique de nateglinide ; 

ia) isoler facultativement Tester methylique de nateglinide ainsi obtenu et redissoudre Tester methylique de 

nateglinide dans un second solvant organique pour donner une solution, 

ii) addition d'eau et d'un hydroxyde alcalin au melange reactionnel provenant de Tetape i) sans isoler Tester 
55 methylique de nateglinide ou si cela est applicable a la solution de Tetape ia) et separation de la phase aqueuse 

contenant le sel alcalin de nateglinide ; 

iii) addition d'acide chlorhydrique a la phase aqueuse provenant de Tetape ii), pour obtenir du nateglinide. 
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10 



15 



20 



ou le solvant organique reellement employe a Tetape ii) est un solvant non miscible avec I'eau. 

2. Procede selon la revendication 1, ou le premier solvant organique employe a I'etape i) est un solvant organique 
miscible a I'eau, et ou I'isolement de Tester methylique de nateglinide selon Tetape ia) est effectue par I'addition 

d'eau au melange reactionnel resultant de I'etape i) et de plus ou le second solvant organique employe a I'etape 
ia) pour redissoudre Tester methylique de nateglinide est non miscible avec Teau. 

3. Procede selon la revendication 1, ou le premier solvant organique employe a Tetape i) est non miscible avec Teau, 

et ou Tetape ia) est omise. 

4. Procede selon les revendications 1 et 2, ou le solvant organique miscible avec Teau est selectionne dans le groupe 
consistant en acetone, DMF, dimethylacetamide, N-methylpyrrolidone, glyme, diglyme, THF et dioxane. 

5. Procede selon la revendication 4, ou le solvant organique miscible avec Teau est Tacetone. 

6. Procede selon les revendications 1-3, ou le solvant organique non miscible avec Teau est selectionne dans le groupe 
consistant en toluene, xylenes, benzene, clorobenzene, chlorure de methylene, hexane, heptane et cyclohexane. 

7. Procede selon la revendication 5, ou le solvant organique non miscible avec Teau est du toluene. 

8. Procede selon les revendications 1-7 pour la preparation de nateglinide sous forme B sensiblement sans nagletidine 
sous forme H, ou I'addition d'acide chlorhydrique a Tetape iii) est effectuee a une temperature comprise entre 5°C 
et 20°C. 

25 9. Procede selon la revendication 8, ou I'addition d'acide chlorhydrique a Tetape iii) est effectuee a une temperature 
comprise entre 10 et 20°C, de preference 15°C-20°C. 

10. Procede selon la revendication 1, ou le chlorure d'acyle a Tetape i) est selectionne dans le groupe consistant en 
chlorure de pivaloyle et chloroformiate d'ethyle. 

30 

11. Procede selon la revenidication 10, ou le chlorure d'acyle a Tetape i) est le chlorure de pivaloyle. 

12. Procede selon la revendication 1 , ou Taddition d'eau et d'un hydroxyde alcalin a Tetape ii) est effectuee en presence 
d'un catalyseur de transfert de phase. 

35 

13. Procede selon la revendication 12, ou le catalyseur de transfert de phase est un sel d'ammonium quaternaire, de 
preference le chlorure de tricaprylmethylammonium. 

1 4. Procede selon Tune quelconque des revendications 1 -1 3, ou Taddition d'eau et d'un hydroxyde alcalin et la separation 
40 de la phase aqueuse contenant le sel alcalin de nateglinide a Tetape i) est effectuee a une temperature comprise 

entre 45 et 55°C. 

15. Procede selon Tune quelconque des revendications 1-14, ou Tacide chlorhydrique a Tetape iii) est ajoute a la phase 
aqueuse provenant de Tetape ii) jusqu'a ce qu'un pH compris entre 2,0 et 3,0 soit obtenu. 

45 

16. Procede selon Tune quelconque des revendications 1-15, ou le sel de Tester methylique de D-phenylalanine a 
Tetape i) est le chlorhydrate de Tester methylique de D-phenylalanine. 

17. Procede pour la preparation de nateglinide sous forme B sensiblement sans forme H en partant de nateglinide qui 

50 n'est pas sous forme B pure, consistant a dissoudre le nateglinide dans Teau avec un hydroxyde alcalin pour obtenir 

une solution aqueuse et a y ajouter de Tacide chlorhydrique a une temperature comprise entre 5°C et 20°C. 

18. Procede selon la revendication 17, ou Taddition d'acide chlorhydrique est effectuee a une temperature comprise 

entre 10°C et 20°C, de preference entre 15°C et 20°C. 



55 



19. Precede selon la revendication 17 ou 18, ou Tacide chlorhydrique est ajoute a la solution aqueuse du sel alcalin de 
nateglinide jusqu'a ce qu'un pH compris entre 2,0 et 3,0 soit obtenu. 
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20. Procede selon une ou plusieurs des revendications precedentes, ou I'hydroxyde alcalin est selectionne dans le 
groupe consistant en hydroxyde de lithium, hydroxyde de potassium et hydroxyde de sodium. 

21. Procede selon la revendication 20, dans lequel I'hydroxyde alcalin est I'hydroxyde de potassium. 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
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